INTRODUCTION
The increase in wine production in New World Wine countries has been a recent success which has led to losses in market share by traditional wine exporting countries like France, Spain and Italy (Anderson, 2005) . In particular, Chile has become an increasingly important player in international wine markets but the overall rise in wine supplies has brought growing competition to capture market share and this highlights the significance of productivity gains for both wine and grape producers. Productivity concerns are even more pressing during economic recessions when the demand for many products including wine tends to soften. The remarkable expansion of the Chilean wine industry over the past two decades has been fuelled primarily by the opportunities offered by the growth in international markets. Thus, while in 1990 most of the wine produced in Chile was consumed domestically and exports accounted for only 7% of total production, in 2009 about 64% of the Chilean wines were exported. During this same time period, vineyard plantations almost doubled, going from 65,000 to 117,600 hectares and wine production, initially 2.6 million hectolitres, quadrupled reaching 10.0 million hectolitres. By the same token, the value of exports grew from US$80 million in 1990 to US US$1,280 million in 2009 (Foster and Valdes, 2001 ; Oficina de Estudios y Políticas Agropecuarias, 2010b). Wine is now one of the most important single export commodities in Chilean trade contributing about 12% of the value of all forestry and agricultural exports (Oficina de Estudios y Políticas Agropecuarias, 2010a). The export orientation of the Chilean wine industry means that income is heavily dependent on wine FOB prices and the exchange rate, two variables that are beyond any control of producers. Hence, costs, yields, managerial performance and productivity growth are essential for the commercial success of this industry. In order to be profitable, firms have to seek minimum costs, within the technological bounds required to produce the high-quality product demanded by international markets. Efficiency must be an important consideration throughout the production chain, starting at the vineyard, passing through the winery and ending in the marketing process. A study by Corporación de Fomento de la Producción (2004) established that grapes account for over 30% of the cost of a litre of wine in the Chilean industry; thus, this is one of the most significant variables in the cost structure of wine making. Hence, any efficiency gains at the vineyard level can have an important impact on the commercial success of the whole operation. The wine industry in Chile is dominated by two groups of firms, big corporations and family-owned estates, known as 'boutique' vineyards. Although both types are oriented to the export market, the former group tends to market a more massive product while many of the firms in the latter group are boutique vineyards focused on exclusive and sophisticated wines, produced at a reduced scale. Boutique vineyards are associated in Tecnovid, a consortium oriented to finance projects in viticultural and oenological research of common interest (Tecnovid., 2010) . This study concentrates on vineyards affiliated with Tecnovid. Although many studies have been published around the world (Bravo-Ureta et al., 2007) examining the technical efficiency (TE) component of productivity in farming, there appears to be only a handful of such studies focusing on productivity and TE in wine grape production. One such study is by Townsend et al. (1998) 
Materials and methods
Stochastic Production Frontier: To achieve the proposed objectives, stochastic production frontiers (SPF) are estimated using a sample of Chilean wine grape producers. Frontier models can be classified into two basic types: parametric and non-parametric. Parametric frontiers require the specification of a particular functional form and can be classified as deterministic and stochastic. The deterministic model assumes that any deviation from the frontier is due to inefficiency, while stochastic frontiers incorporate statistical noise.Thus, in deterministic frontier models any measurement error and any other source of stochastic variation in the dependent variable is attributed to inefficiency, making the estimations of TE sensitive to extreme values (Greene, 1993) . On the other hand, the SPF resolves the problem of extreme values incorporating a compound error with a two-sided symmetrical term and a one-sided component. The latter reflects inefficiency, while the two-sided error captures random effects outside the control of the production unit. The production frontier used here follows the structure of Battese and Coelli (1992) , which has become very popular in recent years. In 1995, these authors published an extension of the original model, which is typically used when there are data that can be used to explain the variation in TE (Battese and Coelli, 1995) . However, in the present study, such data were not available.
In accordance with Battese and Coelli (1992) , the SPF can be represented as:
where Yit is the output of the i-th farm in the t-th time period; xit is a vector (1 x K) of inputs and other explanatory variables for the i-th farm in the t-th time period; β is a vector (K x 1) of the unknown parameters to be estimated; vit is the random error, which is supposed to have a normal distribution with mean zero and constant variance ( σ 2 ), that is vi ∼ iid N(0, σ 2 ); and uit is thev v non-observable and non-negative random error, that captures technical inefficiency for the i-th farm. Following Battese and Coelli (1992) , U it can be defined as:
where η is an unknown scalar to be estimated, t is the time period analyzed and T is the total number of periods. TE increases, remains constant or decreases with time when η > 0, η = 0 or η < 0, respectively.
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This specification can be used either for panel or cross sectional data. If cross sectional data is used, which is the case in this paper, then t and T are equal to 1 which implies that uit = ui. The ui term can have different specifications and the most popular are the non-negative distribution of a truncated normal with average µ and constant variance (ui ∼ id/N(µ, σ 2 )/) and the half-normal distribution (ui ∼ iid/N(0, σ 2 )/). Coelli et al. (1998) suggest that the choice of a more general distribution, such as the truncated normal, is generally referable. However, this is an empirical question and consequently, in this paper, the truncated normal distribution was tested against the half-normal. Once the SPF model is estimated, TE for the i-th farm is given by: TE = exp (-u i ) [3] where u i is specified in equations [1] and [2] . The TE for each farm is calculated by using the conditional expectation of -u i (exp (-u i ) ), given the composed error term (v-u) (Jondrow et al., 1982) . All these calculations were done using the software FRONTIER 4.1, which provides maximum likelihood estimates for the parameters of the stochastic frontier model (Coelli, 1996) . Considering the specification discussed above, the null hypothesis that technical inefficiency is not present in the model, i.e., γ = 0, is tested. This test in essence contrasts the stochastic frontier model with the average production function. The parameter γ is the ratio between the variance of the onesided error ( σ u 2 ) and the total variance ( σ 2 + σ 2 ), that is γ = σ ) and consequently it ranges between 0 and 1 (Battese and Corra, 1977) . Data and Empirical Model: Descriptive statistics for the data used in this analysis are presented in Table  1 . The data was obtained from a sample of 38 Chilean wine grape producers that belong to Tecnovid. At the time the survey was conducted, Tecnovid included a total of 44 firms an all of them were invited to provide data for a benchmarking study. The data used in this paper correspond to the 38 grape producers that accepted the invitation to participate in the initial study. These producers export more than 90% of their wine production and, as indicated earlier, are classified as "boutique wine producers". The data was collected by researchers from the Universidad de Talca in Central Chile and corresponds to the agricultural year 2005/2006. Each producer in the sample manages several blocks, where a block represents a particular variety with specific management. The number of blocks per farm goes from a low of two to a high of 17 with an average of seven. Therefore, the total number of observations is 263 which is the total number of blocks for the 38 farms. The grapes are classified according to quality as Premium and Varietal and the number of blocks is equally distributed between each category. Most of the grapes are produced in a simple cordon training system (73%), followed by a double cordon training system (13%). All farms are located in Central Chile but scattered around the following 10 valleys: Casablanca, San Antonio, Aconcagua, Limarí, Maipo, Cachapoal, Rapel, Colchagua, Curicó and Maule, as depicted in Table 1 . The SPF is estimated using the Cobb-Douglas functional form. This model can be represented as: where the sub-index k represents the k-th explanatory variable, and i reflects a specific block in a given farm. The dependent variable (Y) is the natural logarithm of annual output per block for each farm, measured in kilograms. The explanatory variables, also expressed in natural logarithms, are the following: X 1 is block size measured in hectares; X 2 is the total cost of labor measured in Ch$; X 3 is the total cost of machinery measured in Ch$; and X 4 is the total cost of fertilizer and pesticides measured in Ch$. The SPF also includes the following control variables: AG is a binary variable equal to 1 if a block is five years or older and 0 otherwise; WN is a binary variable equal to 1 for red wine grapes and 0 otherwise; QL is a proxy for grape quality and is equal to 1 for Premium and 0 for varietal; FR l is a set of dummy variables that captures the type of training system, including simple and double cordon, pergola and other training systems and the excluded category is other training systems. VL m is another set of dummy variables that account for the valley(s) in which the farm is located and includes: Aconcagua and Cachapoal; Colchagua and Rapel; Casablanca; Curicó; Maipo; Maule; and Limarí and San Antonio, the excluded category. Six valleys were aggregated into three groups of two-valleys each because of similarities in agro climatic conditions. The random terms v it and u it are as already defined in equations [1] and [2] , and the Greek letters represent the parameters to be estimated.
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Results and discussion SPF Estimates: Table 2 presents the estimated model and a test of the statistical significance of the γ parameter (H 0 : γ = 0). The γ parameter is equal to 0.942 and is highly significant (1% level), which indicates that the model is indeed a stochastic frontier. In sum, the stochastic frontier dominates the average production function. As also shown in Table 2 , the most influential variables, according to the partial elasticity of production, are block size (0.62), labor (0.29) and machinery (0.10). The partial elasticity of production for other inputs (fertilizer and pesticides) is 0.02, but it is not statistically significant. The sum of these elasticities is 1.021, which reveals the presence of constant returns to size. Blocks that are 5 years of age or older exhibit a higher level of production, as expected. In addition, red wine grape varieties have lower production levels than those for white wines as do grapes destined for the production of premium wines compared to varietal grapes. The latter result is expected because premium quality implies a more selective harvest, which means a more severe pruning during dormancy and, also, fruit thinning during the growing season. The pergola training system produces more grapes than other systems, although statistically a non-significant difference, while both simple and double cordon training systems are significantly less productive compared to the omitted category. Farm location can influence grape production significantly, as revealed by the parameters of the corresponding dummy variables, although no discernable pattern is exhibited from north (Limarí) to south (Maule). The lower production found in Casablanca and Maipo is consistent with the predominance of premium wines in these locations and the inverse relationship that exists between quality and yield for this type of grapes, as mentioned above. Table 3 presents average TE scores for various groupings. The data at the top of the Table shows an average TE at the vineyard level equal to77.2%, ranging from 41.4% to 92% and a standard deviation of 0.1059, while at the block level the average is 77.8% with a low of 23.4% and a high of 95.0% and a standard deviation of 0.1385. As expected, the TE scores have a wider dispersion at the block than at the vineyard level (Table 3) . The age of the plantation influences the TE scores. When the vineyard has been planted for more than 5 years, a higher TE score (77.9%) is found, compared with a younger plantation (75.9%). However, this difference is not statistically significant (at the 5% level). It is important to note that the data includes vineyards that are 3 years and older. Table 3 also includes a TE comparison by type of wine, and the results indicate that average TE for white and red wines are very similar, 77.3% and 78.0% respectively (at the 5% level). TE scores are significantly different (10% level) for Varietal quality grapes (79.2%) compared to Premium quality (76.3%) Again, this result is likely due to a slower harvest rate and smaller amount of fruit harvested for Premium quality grapes which would reduce TE compared with Varietal quality (Table 3) . The results for training systems exhibit no clear pattern. The most frequently used is the simple cordon training system and has one of the highest TE figures (78.2%), compared with the double cordon training system (74.8%) which is the second most common system used in the vineyards in our sample. The pergola training system has an intermediate TE value and Other training systems a higher value, but both are used on a small number of cases. These results indicate that farmers do tend to use most frequently the frame that gives the highest level of TE (Table 3) , although these differences are not statistically significant. In addition, there is no clear TE pattern across farm location. The highest average TE measure is for farms in the Maipo valley (80.9%), and the lowest TE measure is for those in the Limarí and San Antonio valleys (69.9%) (Table 3) . Again, mean TE scores are not statistically different across the different valleys. Finally, Figures 1 and 2 show the distribution of TE measures. In both cases, at the farm and block level, the most common TE measure is between 80% and 90%. As already indicated, TE at the block level has a wider distribution compared to TE measures at the farm level.
Technical Efficiency Measures:
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Concluding Remarks
The overall conclusion that can be drawn from this study is that average farm TE for the sample of wine grape producers included in the analysis is 77.2% compared to a maximum for the sample of 92% and a minimum of 41.4%.Therefore, these results reveal considerable heterogeneity in managerial performance and that the least efficient have a major gap to close to achieve average performance levels. A similar conclusion is reached when examining the measures for age of plantation, type of wine, grape quality, training system and location, i.e., all categories of analysis show that significant improvements could be achieved by viticulturalists in Chile. The specific improvements needed is an empirical question that could not be pursued further with the available data. Nevertheless, the results suggest that detailed benchmarking exercises should be undertaken in order to spell out the management practices that lead to improved performance. This work would need to be done at the block level since the results also suggest considerable TE variability within farms. 
7/8

